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Abstract Population genetics characteristics are the

fundamentals of conservation and management practices.

Rhododendron arboreum, a key biodiversity component

inhabiting Indian Himalayas, suffers from overexploitation

and global warming. Using biotin–streptavidin hybridiza-

tion technique, 41 microsatellite markers were designed

from an enriched DNA library to provide a genetic back-

ground and an insight into the population structure of the

species. With a range of 2–14 alleles amplified from 38

loci, the populations were reported with observed and

expected heterozygosity of 0.167–0.933 and 0.422–0.917

respectively. Some of the loci showed significant devia-

tions from Hardy–Weinberg equilibrium and overall no

linkage disequilibrium was detected. These markers will

support genetic diversity and further genotyping studies in

R. arboreum.

Keywords Rhododendron arboreum � Genomic

microsatellites � Selective hybridization

Rhododendron arboreum (a member of Ericaceae), a key-

stone species of the Indian Himalayan region, is an ever-

green tree of ecological and medicinal importance.

Inhabiting subalpine to alpine transition zone, the Rhodo-

dendron forest line supports a regime of biodiversity

components. Snow cover favours the survival of biota at

higher altitudes during harsh climate. An isothermic shift

due to global warming; overexploitation and other

anthropogenic activities can pose a threat to the species

richness of Himalayan region in near future (Xu et al.

2009). Since no genetic base is available for this species, it

becomes prerequisite to unravel the population dynamics

essential for planning and adopting conservation measures.

Co-dominant microsatellites have emerged as potent

molecular markers for population and evolutionary studies.

In view of the above context, we developed genomic SSRs

to interpret genetic diversity and population structure of the

species.

Genomic DNA was isolated from leaves according to the

CTAB procedure (Doyle and Doyle 1987). A library enri-

ched for dinucleotide repeats (GA) was constructed using

two restriction enzymes (Mse1 and EcoR1) following the

protocol standardized by Bhardwaj et al. (2013). The size

selected adapter ligated fragments were enriched using

biotin–streptavidin capture with (GA)10 as probe, amplified

and cloned into chemically competent Escherichia coli host

using pGEM-T EASY vector. Of the 1,200 transformed

colonies screened, 351 clones were subsequently sequenced

by 3,730 9 l DNA Analyzer (Applied Biosystems) with

universal M13 as primer. 191 sequences were identified with

di- and tri- repeats of lengths ranging from 5 to 23 using SSR

Identification Tool and were classified as perfect, compound

or interrupted motifs of AG, AC, ACA repeats (or their

complements). The sequences were used to design 41

unique, non-redundant primer pairs from Primer 3.

Of the isolated markers, 38 loci were amplified in 10 ll

reaction volume, constituting 25 ng template, 0.3 U Taq

DNA polymerase (Bangalore GeneiTM), 1X Taq buffer

(1 mM Tris pH 9.0, 50 mM KCl 0.01 % gelatin, 1.5 mM

MgCl2), 2.5 mM of each dNTPs, 5 ng each of forward and

reverse primer. PCR thermal profile comprised of an initial

denaturation step at 94 �C for 3 min followed by 35 cycles
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of denaturation at 94 �C for 1 min, annealing at specific

temperature (standardized for each locus as depicted in

Table 1) for 1 min and elongation at 72 �C for 1 min; and

a final elongation step at 72 �C for 8 min. These loci were

characterized among three populations of R. arboreum

(each comprising of 10 individuals) from Dalhousie,

Ghatasni, Multhan (India; geographical coordinates given

in Supplementary Table 2) on 6 % denaturing polyacryl-

amide gel. Number of alleles ranged from 2 to 14 (an

average of 5.2) with fragment length of range 100–420 bp.

An overall population structure analysis was performed

using PopGene version 1.31 (Yeh et al. 1999). Polymor-

phic information content and observed and expected het-

erozygosity varied within the range of 0.104–0.911 (with

an average of 0.464), 0.167–0.933 (with a mean of 0.523)

and 0.422–0.917 (with an average of 0.723) respectively.

19 loci reported significant deviations from Hardy–Wein-

berg equilibrium (Table 1) which might be due to natural

selection or other factors. As a whole, no significant link-

age disequilibrium was detected at the population level

(p \ 0.05). Also, the population-wise diversity parameters

(Supplementary Table 1) were estimated using GenAlEx

version 6.5 (Peakall and Smouse 2012). The polymorphic

loci defined here are highly informative and will be used

further in genotyping or population genetics studies for

managing conservation policies for R. arboreum and also,

for predicting gene flow and profound effects of other

evolutionary forces disturbing HWE.
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